Abstract-Scorpion venom is usually utilized to induce cancer cell death via apoptosis pathways. Our study focuses on the effects of the Heterometrus liangi scorpion venom on the proliferation of KYSE-510 cells (human esophageal cancer cells) and its related molecular mechanism. Marked morphological changes in KYSE-510 cells after treatment with scorpion venom were observed using scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Cell apoptosis were determined using flow cytometry (FCM). Moreover, RT-PCR and Western blot analysis was used to investigate the different levels of p21 and caspase-3 expression. Our results showed that scorpion venom at concentrations of 50-100 ug/mL caused dose-dependent inhibition of KYSE-510 cell proliferation. And, the ratio of apoptosis and necrosis increased. Besides, the effect of venom treated in KYSE-510 cells in p21 gene expression was reinforced, but the caspase-3 gene expression had indistinctive effect. The levels of p21 and caspase-3 protein expression were up-regulated after scorpion venom treatment. Therefore, scorpion venom may increase the expressions of p21 and caspase-3 protein to inhibite KYSE-510 proliferation and induce cell apoptosis selectively.
INTRODUCTION
Utilizing potential biochemical and biological molecules to target neoplastic tumors has emerged as one of alternative approaches in cancer research. One kind of promising biochemical and biological molecules is found in scorpion's venom [1] . In Chinese traditional medical practice, Buthus martensii Karsch venom has been used as a traditional Chinese medicine to treat various ailments for more than 2000 years [2] . Scorpion venoms contain different groups of compounds such as proteins (including several enzymes like hyaluronidases, phospholipases, sphingomyelinases) [3] , and small molecular weight peptides with wide pharmacological activities such as anti-epileptic [4] and antimicrobial [5] . Recent studies have shown that some scorpion venoms have direct inhibitory effects on tumor cells and could effectively lead to cancer cell apoptosis. For example, venom of Buthus martensii Karsch was able to inhibit glioma tumour growth [6] . Furthermore, scorpion venoms have been reported to hamper proliferation of prostate cancer cells [7] , human leukemia cells [8] and human neuroblastoma [9] . They have also been shown to play a significant role in enhancing immunity. Thus, scorpion venom have great potential to be used as ideal anticancer drugs [10] [11] [12] [13] .
The composition of scorpion venoms and effectiveness of venoms in inhibiting cancer cell proliferation depend on multiple factors, including genus and species, geographic origin and age of the scorpion, its physiological state, etc. The scorpion Heterometrus liangi is mainly (or only) distributed in southern Vietnam [14] and there is no reported investigation on the venom of this species. In the present study, the effects of venom of the scorpion H. liangi on KYSE-510 cell (Esophageal cancer) growth and proliferation were investigated and its possible mechanisms were explored.
II. MATERIALS AND METHODS

A. Reagents
RPMI-1640 (Gibco Laboratories, Grand Island, NY, USA) dissolved in double distilled water with the pH value adjusted to 7.0 using NaHCO3, was disinfected and stored at -20 o C. Fetal calf serum (FCS) (Gibco Laboratories, made in Uruguay, NY, USA) was sterilized and stored at -20 o C. Verapamil, streptomycin, penicillin and 0.5% hydrocortisone were purchased from North China Pharmaceutical Company (Shijiazhuang, China). Propidium iodide (PI), bovine serum albumin (BSA), and Triton X-100 were purchased from Sigma Company (St International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2015) Louis, MO, USA). The rabbit polyclonal anti-body against caspase-3 and p21 rodamine labeled secondary antibody was purchased from MILLIPORE (MILLIPORE, USA).
B. scorpion venom
Pure scorpion venom was collected from H. liangi by electrical stimulation of 20 scorpion (the weight of each scorpion was approximately 100 g). The scorpion venom was dissolved in 1mM (pH 7.2) phosphate buffered saline (PBS) and centrifuged at 8000×g for 10 min to remove insoluble materials. The spider venom was freeze-dried and stored at -20 oC until use.
C. Cell Culture
KYSE-510 cells were cultured in a standard medium consisted of RPMI-1640 medium supplemented with 10% heat-inactivated FCS, 2 mM L-glutamine, 100 U/mL streptomycin and 100 U/mL penicillin. Cells were kept in a humidified incubator (Thermo Forma) aerated with 5% CO 2 in air at 37 o C. Cells in the log growth phase were used in the experiments described below [16] .
MTT assay: The inhibition of cell proliferation was assessed by MTT (Sigma Chemical Co., USA) assay. Cells were cultured in a 96-well plate at a density of 2×10 4 cells per well and incubated overnight [17] . Medium was discarded and cells were exposed to different concentrations of scorpion venom (12.5, 25, 50, and 100 μg/mL). Following 24 h and 48 h incubation, 20 μL of MTT stock solution (5 mg/mL) was added to each well. After 4 h incubation, the supernatants were aspirated and the formazan precipitates were solubilized by addition of 150 μL per well of dimethylsulfoxide (DMSO). Following 30 min of incubation in dark at room temperature, absorbance was determined at 570 nm by an ELISA reader (Thermo Labsystems, USA).
D. Microscopic observation of morphology
KYSE-510 cells were subcultured on slides in 6-well plates with 5×10 4 cells/well. After different concentration of venom (0, 50 and 100 µg/mL) treatment for 24 h, the cells were washed with 0.01 M (pH 7.2) PBS and observed under an inverted phase contrast microscope (Olympus LH-50A, Japan).
E. Specimens for electron microscopy
KYSE-510 cells in the exponential phase were used and cultivated with various concentrations of scorpion venom for 24 h. The cells were harvested and fixed with 25 mL/L glutaraldehyde in 0.1 M PBS (pH 7.2) for 2 h at 4 o C. For SEM examination, the specimens were post-fixed for 1 h in 2% OsO 4 , dehydrated by adding a series of graded ethanol solutions to the filtration system and then slowly dried over the course of 24 h by evaporation. The filter was removed from the filtration apparatus and mounted on an aluminum stub, and then the cells were gold sputter coated. Specimens were examined with a STEREOSCAN 260 SEM at 20 kV. For TEM examination, cells corresponding to each population were collected in Haemoline (BioChem Pharma, Allentown, PA, USA), transferred to microcentrifuge tubes, pelleted, and fixed in 1% OsO 4 (in distilled H 2 O). A total of 4×10 7 cells were sorted to collect 2×10 6 cells representative of each of the individual populations. After dehydration through a series of graded alcohol and propylene oxide solutions, the cells were infiltrated with Epon (epoxy resin) and polymerized. Ultra-thin sections were cut, recovered on form varcoated copper grids, stained with uranyl acetate and lead citrate, and then examined with a H-7500 transmission electron microscope (HITACHI, Japan) operated at 65kV.
F. Annexin V-FITC and PI double staining analysis by FCM
For confirmation of apoptosis induced by Scorpion venom, measurement of externalization of PS, an early event during apoptosis, by double staining with Annexin V-FITC (fluorescein isothiocyanate) and PI (Propidiumiodide) was performed [18] . The specification of Annexin V-FITC Apoptosis Detection Kit with PI (Bestbio, Shanghai) was operated as described in the manufacturer's instruction. Human umbilical vein endothelial cell line (HUVEC-21) was used as a control group to estimate effects of venom on normal cells.
G. RT-PCR
Total RNA was extracted by using TRIzol reagent (Gibco, Inc.). RNA quality and quantity was determined by ultra-violet (UV) spectrophotometry and 1.0 % agarose gel electrophoresis. About 300 ng of total RNA was reversely transcribed using a Super S with Platinum Taq kit (Fermentase, Inc.) with the following conditions: 94 oC for 2 min, followed by 30 cycles of 94 oC for 25 s, 55 oC for 15 s, and 72 oC for 40 s. PCR reaction was completed by incubation for 5 min at 72 oC. RT-PCR products were then separated on a 1.0 % agarose gel, visualized under UV light and photographed. GAPDH was served as an internal control.
H. Western blot assay
KYSE-510 cells treated with different concentrations of the scorpion venom (0, 50 ,100 and 200 µg/mL) were incubated respectively at 5×106 cells/well for 48 h, followed by a further cultivation for 48 h with 1 mL of serum-free RPMI-1640 medium. Proteins of the cells were isolated by lysis buffer [100 mM Tris-HCl, pH 6.8, 4 % (W/V) SDS, 20 % (V/V) glycerol, 200 mM β-mercaptoethanol, PMSF 1mM, aprotinin 1 mg/mL, Sigma] and measured by using the Bradford assay with Bio-Photometer (Biophotometer 6131 GB/HK, Eppendorf) at 595 nm. Equal amount of proteins in each sample was resolved in 10 % SDS-PAGE and transferred onto nitrocellulose membranes. After blocking with 10 mL/L fat-free milk, the membranes were incubated with the appropriate dilution of rabbit polyclonal p21 antibody, caspase-3 and β-Actin antibody overnight at 40 ℃. Then, the membranes were washed 3 times with PBS and incubated with a horseradish peroxidase conjugated secondary antibody (Acta Physiologica Sinica). Proteins were detected by using the enhanced chemilumine scence (ECL) kit according to the manufacturer's protocol (Amersham, Buckinghamshire, UK).
I. Statisticalanalysis
SPSS software was used to analyze means of all results. Student's t test was performed for intergroup comparison. P<0.05 was considered to be statistically significant.
III. RESULT
A. Cell proliferation inhibition assessed by MTT assay
Dose-dependent inhibition of KYSE-510 cells by the scorpion venom at 24 h and 48 h post incubation was observed. IC50 for 24 h is 50 µg/mL and 34.5 µg/mL for 48 h. When the concentration ranged from 10 to 100 µg/mL, the inhibitory effect was dose-dependent (TABLE  I) . Besides, the inhibitory effect of venom on cell growth also is dose-dependent and statistically significant (Fig .1)  (p<0.05) . 
B. Microscopic observation of morphology
After incubation with the venom for 48 h, KYSE-510 cells showed morphologically cell death under an optical microscope (Fig .2) . The cell number reduced significantly and the cells turned smaller, cytoplast more inspissate, and nuclear chromatin agglutinated more compared with the control group. 
C. Morphological observations by SEM and TEM
After treated with the scorpion venom for 48 h, KYSE-510 cells had morphological features indicative of apoptosis as seen in the SEM images compared to the control cells (Fig .3A, 3B, 3C, 3D ). In the control group, cell was actively growing and tightly connected, displaying irregular polygonal shape with the uplifted cell central. In addition, microvilli was extended to the surrounding, closely attached to the slide. 
Morphological observations using scanning electron microscopy. (A) Control cells (×2000); (B) Scorpion venom treated cells (100 ug/mL, 24 h) (×2000); (C) Control cells (×5000); (D) Scorpion venom treated cells (100 ug/mL, 24 h)(×5000); (E) Control cells (×10 000); (F) Scorpion venom treated cells (100 ug/L, 24 h) (×10 000); (G) Control cells (×15 000); (H) Scorpion venom treated cells (100 mg/L, 24 h) (×15 000)
In contrast, the venom treated cells surface displayed irregular rough block, cell membrane shrinkage and structural integrity. Moreover, membrane in some cells has perforated and small cavities formed on the surface. Ultrastructural characterization of cells representative of the individual populations was achieved through cell sorting and subsequent evaluation using TEM. Cells in the control possessed well defined plasma membranes and contained intact organelles with no evidence of nuclear condensation (Fig .3E, 3G) . On the contrary, in the treated cells, the cytoplasm edema increased and cell vacuolization appeared. Furthermore, in the nucleus, the number of euchromosome reduced while the heterochromatin increased (Fig .3F, 3H ).
D. Apoptosis assay by flow cytometer
By double staining with annexinV-FITC and PI, the induction of apoptosis in KYSE-510 cells treated with 50ug/mL and 100ug/mL venom was observed at 48 h. Compared with that of the control, the number of live cells in venom-treated KYSE-510 cells decreased dramatically with increasing concentrations (Fig .4A) . The reduction of live cells was concentration-dependent in cells treated with the scorpion venom. In comparison, effects of the venom on HUVEC-21 cell apoptosis were not significant, only the early apoptotic cells were increased (Fig .4B) . This study ascertains that apoptosis is the main model of cell death induced by this agent in KYSE-510 cells. Flow-cytometric analysis of KYSE-510 and HUVEC-21 cells stained with Annexin V-FITC/PI. KYSE-510 cancer cells treated with 0 ug/ml (control)(A1), 50 ug/mL (A2) and 100 ug/mL(A3) scorpion venom for 48h were analyzed and compared to HUVEC-21 non-cancer cells treated for 48 h with 0 ug/ml (B1), 50 µg/mL (B2) BMK and 100 µg/mL(B3) scorpion venom. Quadrants E1-damaged cells, E2-late apoptotic/secondary necrotic cells, E3-live cells, E4-early apoptotic cells
E. Calculating p21 and Caspase-3 mRNA expression with RT-PCR
To investigate the cell cycle arrest and apoptosis in KYSE-510 cells, p21 and caspase-3 mRNA levels in the cells treated for 48 h with the indicated concentrations of scorpion venom were analyzed using RT-PCR. The results suggested that the expression of p21 increased after 48 h of incubation with the venom (Fig .5A) . On the contrary, the venom treatment had not significant effect on the expression of caspase-3 in the mRNA level after 48h of incubation. (Fig .5B) . RT-PCR analysis of p21 (A) and caspase 3 (B) mRNA levels in KYSE-510 cells treated with the indicated concentrations of the scorpion venom
F. Effects of spider venom on the expression of p21 and caspase-3 protein
In order to explain the pathway resulting to apoptosis, we examined the activation of p21 and caspase-3 protein. p21 binds to and inhibits CDK activity, preventing phosphorylation of critical CDK substrates and blocking cell cycle progression. Caspase-3 is a cytosolic protein found in cells as an inactive 32 kDa proenzyme, and it is activated by proteolytic cleavage into two active subunits only when cells undergo apoptosis, which was reported to initiate apoptosis upon various stimuli. KYSE-510 cells treated with the scorpion venom (0, 50, 100 and 200 µg/mL) for 48 h were analyzed for the protein level by Western blot. p21 and caspase-3 levels in KYSE-510 cells were different after that. After 48 h treatment, the levels of both proteins were enhanced significantly (P<0.05) (Fig .6 ). 
IV. DISCUSSION
Our study on scorpion venom with in vitro anti-tumor potential has led us to the identification of scorpion venom as a promising source of compounds with favorable bioactivity in vitro. Scorpion venom may contain hundreds of compounds with different pharmacological activities. Venoms from scorpions from the Buthidae family can induce human death. However, not all venom compounds are toxic to humans, especially the ones with high molecular masses [19] . Although we do not know what kinds of specific substances are working, the main bioactive components of extracts Heterometrus liangi venom are the one series of polypeptides. Crude venoms were used as a kind of Chinese traditional medicines.
Limitation of cell viability in treated cells with the scorpion venom was confirmed by results of cytotoxicity assays. MTT assay is used to determine cytotoxicity of potential medicinal agents for measuring the activity of enzymes that reduce MTT to formazan. In our study, Heterometrus liangi venom significantly induced inhibition of KYSE-510 cell growth in a dose-and time-dependent manner (TABLE I and Fig .1 ). It showed that the inhibitory effect of Heterometrus liangi venom on KYSE-510 cells was further confirmed.
FCM can be applied in accordance with cell apoptosis and necrosis occurred during a series of morphological and biochemical changes of apoptosis and necrosis. It involves PI/Annexin V-FITC staining [21] [22] . The staining does not cell fixation required, before PI staining and subsequent Annexin V-FITC staining to, distinguish necrotic and apoptotic cells. FCM analysis showed that with the increase in toxin concentration (0, 100, 200μg/mL), the diploid KYSE-510 cells increased. Sub G0/G1 peak is more obvious and the apoptosis rate increased. Meanwhile, with the toxin concentration increased, the normal cells decreased. The results showed statistically significant difference (P<0.05), suggesting that a certain concentration of endotoxin has also induced apoptosis and necrosis. The changes in KYSE-510 cell apoptosis and necrosis rate could be detected by FCM. The results showed that the venom experimental group also induced KYSE-510 cell apoptosis and necrosis. The results of detection method and the morphological observation from electron microscopy are consistent with the conclusion that the toxin affects on cell growth and death in KYSR-510 cells. After incubation with the venoms for 24 h and 48 h, proliferation of KYSE-510 cells was inhibited. Furthermore, the venom incubation also promoted cell apoptosis and necrosis, a possible anti-tumor mechanism leading to KYSE-510 cell death.
This study was designed to explore the molecular mechanism of venom effect on the KYSE-510 apoptosis by examing a cell cycle related gene p21 and an apoptosis related gene caspase-3 at both transcription and translation levels. At gene transcription level, the venom treatment increased p21 mRNA expression in a dose dependent manner (P>0.05) while it had no effect oncaspase-3 mRNA level. Effect of gene is through the protein product to execute its function. Thus, we used Western-blot to analyze the protein levels of p21 and caspase-3 in the venom-treated cells. Western-blot results showed that both p21 and caspase-3 protein levels in the venom-treated KYSE-510 cells was significantly increased although they are not at exactly the same ratio. It is possible that scorpion toxin by increased caspase-3 by phosphatase dephosphorylation leaving the level of enhanced content, thereby stimulating caspase-3 activity, so that the expression of Caspase-3 protein levels increased. We applied RT-PCR and Western-blot methods to analyze gene and protein level, because simply detecting the mRNA level cannot fully reflect the effect of venom on tumor cell appotosis. Protein function is the executor of oncology management. Cells with toxin, changed the expression of caspase-3 protein levels [23] [24] , but the transcription of caspase-3 was not affected, just changed its phosphorylation state, indicating that this regulation is a post-translational regulation.
This paper was based on the gene and protein expression level to investigate the mechanism of KYSE-510 cell apoptosis induced by scorpion venom directly.
